Neurogenetic and lesion studies have identified regions of the insect brain that can modulate and direct locomotion. Activities of these neurons have now been recorded in cockroaches during walking.
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The control of many motor actions is distributed in different regions in the nervous system; for example, in walking and running, the brain does not micromanage movements but instead directs and modulates patterns of activity that are produced by 'lower' neural centers [1, 2] . Pattern-generating neurons that can produce rhythmic locomotory contractions of leg muscles are located in the spinal cord of vertebrates and in the ventral nerve cords in insects and other invertebrates. If the brain is removed, pattern generators can be activated by application of biogenic amines to the spinal cord or neck connectives [3] . The signals from the brain do not, however, merely provide on-off switches: they also adjust walking to sensory inputs located in the head, such as the eyes and vestibular apparatus of vertebrates or the antennae, appendages of the head found in many invertebrates. Experiments with cockroaches have shown that antennal inputs can be critically important in determining motor strategies that are used to surmount obstacles [4] . Rapid running -which probably occurs too fast for feedback control -can also be guided by sensory inputs from the head. For example, cockroaches that are startled by a puff of air to the abdominal cerci will rapidly turn and run. If the stimulus is applied when the roach is standing next to a wall the animal will adapt the turning movement and run with one antenna pressed against the vertical surface, assuring a successful escape [5] .
Neurogenetic experiments with the fruitfly Drosophila have identified specific areas of the insect brain that can control and direct walking [6] . Strains of mutant flies can be generated by gene insertion and mosaic techniques that show deficits in precise subsets of neurons. Disruption of a region of the brain known as the central complex has discrete effects upon walking [7] . The central complex is a topographically ordered set of neuropil structures found in the center of the brain in all insects ( Figure 1B ). It receives inputs from the visual and antennal systems as well as from other multimodal sensory interneurons and can influence motor outputs via descending interneurons [8] . Some of the effects of genetic lesions in the central complex are quite subtle: mutants may be less likely to initiate walking or do so at slower rates [6] . Changes can occur in the stride length or in the balance of leg movements, resulting in animals that do not walk straight but show continuous turning.
What are the activities of neurons in the central complex that could produce these effects on walking? Recordings from the brain have been obtained in restrained preparations, but attempts to monitor neural activities in walking animals have been technically challenging. As they report in this issue of Current Biology, Bender et al. [9] have now succeeded in recording activities of neurons of the central complex in walking cockroaches. Animals are mounted above an oiled glass plate ( Figure 1A ) so the legs can move freely in walking (although the body of the animal remains in one place). Electrodes that can monitor four channels simultaneously (tetrodes) are inserted into the head. While activities of a number of neurons are detected at once, off-line computer processing of recordings permits the reliable identification of single units. Leg movements are monitored by high speed video, and the specific location of the electrodes in the brain can be confirmed after a recording is completed.
Bender et al. [9] found that the activities of most neurons recorded in the central complex changed when animals ran or walked rapidly [9] . Synchronization of recordings with data on leg movements showed that the firing frequencies of more than half of the neurons were correlated with the rate of walking ( Figure 1C ). Although the activities of most neurons were not linked to specific phases of the step cycle, some neurons showed preferential increases at particular points, such as the transitions between swing and stance. In many neurons, however, changes in firing preceded the onset of walking movements and occurred before changes in the rate of stepping. This implies that the cells are not merely monitoring the leg movements produced by pattern generating circuits.
These patterns of activity could be due to an increase in sensory feedback that resulted from movements of the antennae or head that occur during walking. This was tested by recording the responses of neurons to displacements of the antennae both at rest and during walking. Remarkably, the responses of many cells to antennal movements were smaller during walking than at rest. Thus, the increase in firing of neurons of the central complex was specifically correlated with and predictive of walking movements. The effects of exciting the central complex cells were also tested by passing current through the recording electrodes. In some animals, this could initiate or alter the stepping rate in sustained walking sequences, demonstrating that the neurons could activate the pattern generating circuitry.
The encoding of the rate of walking by brain interneurons is consistent with the behaviors of mutant flies. For example, slower than normal walking speed occurs in a mosaic mutant (no bridge flies) in which a portion of the central complex is disrupted [10] . The effect is correlated with a failure to increase step length concomitantly with stepping frequency.
Step lengths are normal only at the low end of the frequency range. Interestingly, many of the neurons recorded by Bender et al. [9] only showed increased activities at rapid rates of stepping similar to those seen in running. This supports the idea that signals from the brain may be particularly important in feed-forward control to guide rapid locomotion generated by circuits in the ventral nerve cord [11] .
These results also provide the basis for much future work. Anatomical studies have shown that the central complex is highly organized in discrete modules [12] . Inputs are formed in exact patterns with contributions from both sides of the animal. Several authors have proposed that the central complex forms a system for comparing performance on the right and left sides of the animal [6, 10] . Previous studies have shown that lesions of the central complex produce abnormalities in turning [13] . This may be reflected in activities of the central complex neurons if cockroaches are induced to make turning movements during walking in the oiled glass preparation [14] .
The demonstration that neurons of the brain can be recorded in walking insects represents an important breakthough. Vertebrate and arthropod brains apparently function in the control, organization, and planning of walking rather than in the cycle-by-cycle control of movements [1, 2] . Recent studies have demonstrated that Drosophila also show spatial orientation and motor learning associated with brain areas that control walking [15] . Future work in this system could serve as a model for understanding how processing at the level of the brain is integrated into the distributed pattern generators in control of walking in animals. These findings could be incorporated in the control of legged robots [16] but also provide an example of how data generated by molecular methods can serve as a guide to complementary experiments that 0 0
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Evolutionary Biology: Speciation on Islands
One of the strongest rules of biological diversity -the observation that more species live on large islands than on small ones -is usually attributed to the balance between colonization and extinction. But speciation on islands cannot be ignored.
Daven C. Presgraves and Richard E. Glor
Three pivotal advances in evolutionary and ecological thinking were inspired by, of all things, the numbers and kinds of birds on islands. First, subtle differences among mockingbirds of the Galapagos Islands undermined Darwin's faith that species were the immutable products of special creation [1] . Later in life, Darwin reflected in his Autobiography that he had been ''deeply impressed. by the South American character of most of the productions of the Galapagos archipelago, and more especially by the manner in which they differ slightly on each island of the group. .It was evident that such facts as these, as well as many others, could be explained on the supposition that species gradually become modified; and the subject haunted me'' [2] . Second, the absence of sister species of birds on Indo-Pacific islands helped convince the ornithologist Ernst Mayr, and through his writings most evolutionary biologists, that geographic isolation is usually required for speciation [3, 4] . Finally, the striking relationship between the numbers of bird species on islands and island area inspired MacArthur and Wilson's equilibrium theory of island biogeography [5, 6] .
The so-called species-area relationship, argued MacArthur and Wilson [5] , is determined by three factors: colonization from the mainland (M) and in situ speciation (G) increase the number of species, while extinction (D) decreases the number of species. At equilibrium these three processes balance (M + G = D). To make their model simpler still, MacArthur and Wilson [5] discounted the contribution of in situ speciation and focused exclusively on the equilibrium between colonization and extinction, noting that ''for most cases it is probably safe to omit G from the model'' (p. 380). Under their model, then, larger islands tend to have more species because they receive more colonizing migrants and experience less extinction than small ones.
Dropping within-island speciation from the original theory seemed sensible as MacArthur and Wilson's [5] main purpose was ''to express criteria and implications for the equilibrium condition without extending them for the present beyond the Indo-Australian bird faunas'' (p. 386). Several studies before and since largely support the decision to disregard in situ speciation for birds [3, 4, 7, 8] : only the largest islands provide opportunities for geographic isolation and in situ speciation in taxa that are so mobile. But by 1967, MacArthur and Wilson's [6] classic book-length treatment, The Theory of Island Biogeography, presented a general theory of the species-area relationship that also assumed away in situ speciation -a decision that implicitly assumes that all species have bird-like powers of dispersal.
Doubts about dismissing in situ speciation are hardly new (reviewed in [9] ), but the ability to distinguish colonization and in situ speciation was difficult prior to the availability of modern phylogenetic analyses (Figure 1 ). With this evolutionary insight, calls for a new and integrated theory of island biogeography have intensified [10] [11] [12] [13] [14] . In an impressive new metaanalysis, Kisel and Barraclough [15] test predictions originating from earlier phylogenetic studies of the speciesarea relationship in Anolis lizards of the Caribbean [13] and bulimulid snails of the Galapagos [16] . These earlier studies revealed two major findings: first, in situ speciation happens on
